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(54) Skin/bulkhead structure

(57) A skin/bulkhead structure comprising a barrel-
shaped skin (2) and a pressure bulkhead composed of
a stiffening member (4,5) and a bulkhead skin (3),
wherein an end of the stiffening member is mechanically
connected to an opening of the barrel-shaped skin
through a first connecting member (7,8) and marginal

portion of the bulkhead skin is adhesive-connected to
the opening through a second connecting member (6),
the barrel-shaped skin, the stiffening member, the bulk-
head skin, the first connecting member and the second
connecting member being each made of a fiber-rein-
forced composite.
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Description

[0001] The present invention relates to a skin/bulk-
head structure comprising a barrel-shaped skin made
of a fiber-reinforced composite and a pressure bulkhead
connected to an opening of the barrel-shaped skin.
[0002] Pressure bulkheads, which are installed in
front and back of a pressurized cabin of aircrafts, etc.,
are classified to spherical panels and flat panels. In large
aircrafts, the spherical panels are often used as an aft
pressure bulkhead. The spherical panels are generally
composed of a stiffened spherical plate, and a pressure
is applied thereto as membrane force. The spherical
panels are advantageous in high structural efficiency
and small weight penalty, however, it necessitates high
production cost and useless, excessive spaces. On the
other hand, in small aircrafts, the flat panels are desir-
ably used as the pressure bulkhead from the viewpoint
of space-saving. The flat panels are generally com-
posed of a flat plate stiffened by thick beams, and they
receive an applied pressure as bending moment. The
flat panels have a remarkably simple composition and
high space efficiency.
[0003] The pressure bulkhead is demanded to be
connected to a barrel-shaped skin with high reliability.
In a small aircraft body made of a fiber-reinforced com-
posite, conventionally, the pressure bulkhead has been
connected to the barrel-shaped skin by such a method
that comprises the steps of: connecting marginal portion
of the pressure bulkhead to the barrel-shaped skin by
rivets, adhesion, etc.; and providing complicated sealing
to prevent the body from air-leaking. However, this
method has suffered disadvantages of increased pro-
duction cost and heavy weight.
[0004] It would therefore be desirable to provide a
light, reliable skin/bulkhead structure comprising a bar-
rel-shaped skin and a pressure bulkhead, which is ex-
cellent in space efficiency and can be produced with re-
duced production cost.
[0005] As a result of intensive research in view of the
above, the inventors have found that a light, reliable
skin/bulkhead structure comprising a barrel-shaped
skin and a pressure bulkhead can be produced with ex-
cellent space efficiency and reduced production cost if
the pressure bulkhead is connected to the barrel-
shaped skin by a combination of mechanical connection
and adhesive connection. The present invention has
been accomplished by the finding.
[0006] Thus, a skin/bulkhead structure of the present
invention comprises a barrel-shaped skin and a pres-
sure bulkhead composed of a stiffening member and a
bulkhead skin, wherein an end of the stiffening member
is mechanically connected to an opening of the barrel-
shaped skin through a first connecting member and
marginal portion of the bulkhead skin is adhesive-con-
nected to the opening through a second connecting
member, the barrel-shaped skin, the stiffening member,
the bulkhead skin, the first connecting member and the

second connecting member being each made of a fiber-
reinforced composite.
[0007] According to the skin/bulkhead structure of the
present invention, it is preferable that the opening of the
barrel-shaped skin has an edge portion expanded over
the pressure bulkhead, and the end of the stiffening
member is mechanically connected to the edge portion.
The bulkhead skin is preferably a flat plate in shape, and
the stiffening member preferably has an I-shaped cross
section. Further, the second connecting member is pref-
erably a ring in shape, and a cross section thereof is
preferably in L-shape.
[0008] Certain preferred embodiments of the present
invention will now be described by way of example only
and with reference to the accompanying drawings, in
which:

Fig. 1 is a partial perspective view showing an em-
bodiment of a skin/bulkhead structure according to
the present invention;
Fig. 2 is an enlarged, partial perspective view show-
ing the skin/bulkhead structure of Fig. 1; and
Fig. 3 is a partial cross sectional view showing the
skin/bulkhead structure of Fig. 1 taken along the line
A-A.

[0009] A skin/bulkhead structure of the present inven-
tion will be explained in detail below with reference to
Figs. I to 3 without intention of restricting the scope of
the present invention defined by the claims attached
hereto.
[0010] Fig. 1 partially shows an embodiment of a skin/
bulkhead structure according to the present invention.
Fig. 2 is an enlarged, partial perspective view showing
the skin/bulkhead structure of Fig. 1 where a barrel-
shaped skin 2 is not shown, and Fig. 3 is a partial cross
sectional view showing the same taken along the line
A-A. As shown in Fig. 1, the skin/bulkhead structure 1
comprises a barrel-shaped skin 2 and a pressure bulk-
head connected to an opening thereof. The pressure
bulkhead shown in Fig. 1 is composed of stiffening
members and a bulkhead skin 3. In this embodiment,
main beams 4 and sub-beams 5 are used as the stiff-
ening members. As shown in Fig. 2, ends of the main
beams 4 and the sub-beams 5 are mechanically con-
nected to the opening of the barrel-shaped skin 2
through main clips 7 and sub-clips 8 used as first con-
necting members. Marginal portion of the bulkhead skin
3 is adhesive-connected to the opening of the barrel-
shaped skin 2 through a second connecting member 6.
Intersections of the main beams 4 and the sub-beams
5 may be strengthened by angle joints 9, etc., if neces-
sary.
[0011] The barrel-shaped skin, the stiffening member,
the bulkhead skin, the first connecting member and the
second connecting member used in the present inven-
tion are each made of a fiber-reinforced composite. In
the present invention, the fiber-reinforced composite
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may be a reinforcing fiber such as a carbon fiber, a glass
fiber, an aramid fiber, etc. impregnated with a thermo-
setting resin or a thermoplastic resin. The thermosetting
resin may be an epoxy resin, a bismaleimide resin, a
phenol resin, etc., and the thermoplastic resin may be
PEEK, nylon 6, nylon 66, polyethylene terephthalate,
etc. Preferred as the thermosetting resin is an epoxy
resin, and preferred as the thermoplastic resin is nylon.
Ratio of the resin to the reinforcing fiber in the fiber-re-
inforced composite may be appropriately controlled.
The barrel-shaped skin, the stiffening member, the bulk-
head skin, the first connecting member and the second
connecting member are preferably made of the same
fiber-reinforced composite, although they may be made
of different composites.
[0012] Load applied to the pressure bulkhead reach-
es the barrel-shaped skin through the following two
pathways: (1) the bulkhead skin - the stiffening member
- the first connecting member - the barrel-shaped skin;
and (2) the bulkhead skin - the second connecting mem-
ber - the barrel-shaped skin.
[0013] Most of the applied load reaches the barrel-
shaped skin through pathway (1). Therefore, to ensure
reliability of the skin/bulkhead structure, the end of the
stiffening member has to be mechanically connected to
the opening of the barrel-shaped skin through the first
connecting member. The first connecting member is not
particularly limited, may be a fastener of FRP, a bolt of
a stainless steel or a metal, etc. The first connecting
member is preferably made of titanium, which is light in
weight and excellent in corrosion resistance.
[0014] On the other hand, only a little of the applied
load reaches the barrel-shaped skin through the path-
way (2), whereby the marginal portion of the bulkhead
skin may be just adhesive-connected to the opening of
the barrel-shaped skin through the second connecting
member, to obtain sufficient strength. In the present in-
vention, the bulkhead skin and the barrel-shaped skin
are assembled by the adhesive-connection without
complicated sealing, thereby reducing weight and pro-
duction cost of the skin/bulkhead structure. In the adhe-
sive-connection, an adhesive such as an epoxy resin is
preferably used. A plurality of the adhesives may be
used in combination. The adhesive-connection is pref-
erably carried out under a pressure of 0.1 to 2 kg/cm2.
[0015] Thickness of the barrel-shaped skin is not par-
ticularly limited and it may be selected depending on use
of the skin/bulkhead structure. Specific shape of the bar-
rel-shaped skin may be a cylinder shape, an elliptic cyl-
inder shape, a pipe shape having a comer portion, etc.,
it being also not particularly limited.
[0016] The pressure bulkhead is composed of the
bulkhead skin and the stiffening member arranged ther-
eon. The bulkhead skin is preferably a flat plate in shape
from the viewpoint of space efficiency. The bulkhead
skin preferably has thickness of 0.8 to 2.3 mm in the
case of using it for small aircrafts. The stiffening member
may be fixed to the bulkhead skin by adhesion, a rivet,

etc. In particular, the stiffening member is preferably
fixed to the bulkhead skin by adhesion. Though the stiff-
ening members are generally arranged in lattice pattern
on the bulkhead skin, positional relationships therebe-
tween and number thereof may be properly changed. It
is preferable that the opening of the barrel-shaped skin
has an edge portion expanded over the pressure bulk-
head to be not pressurized, and the end of the stiffening
member is mechanically connected to the edge portion.
[0017] According to the skin/bulkhead structure 1
shown in Figs. 1 and 2, the main beams 4 and the sub-
beams 5 correspond to the above-mentioned stiffening
member. The main beams 4 have an I-shaped cross
section, and the sub-beams 5 separated by the main
beams 4 have a C-shaped cross section. The stiffening
member used in the present invention may have a cross
section of C-shape, I-shape, J-shape, T-shape, etc. The
stiffening member preferably has an I-shaped cross
section to avoid twisting or buckling.
[0018] The second connecting member used in the
present invention is preferably a ring in shape. Further,
a cross section thereof is preferably an L-shape as the
second connecting member 6 shown in Figs. 2 and 3.
[0019] In the skin/bulkhead structure 1 shown in Fig.
2, the main clips 7 and the sub-clips 8 are used as the
first connecting member. The first connecting member
having an L-shaped cross section such as shown in
Figs. 1 and 2 is preferably used in this invention to me-
chanically connect the stiffening member to the barrel-
shaped skin with ease.
[0020] While the invention has been described with
reference to Figs. 1 to 3, it will be apparent to one skilled
in the art that various changes and modifications can be
made therein without departing from the scope of the
claims.
[0021] As described in detail above, a skin/bulkhead
structure of the present invention comprises a barrel-
shaped skin made of a fiber-reinforced composite and
a pressure bulkhead connected to an opening thereof.
The skin/bulkhead structure is reliable, light in weight
and excellent in space efficiency, and can be produced
with reduced production cost. The skin/bulkhead struc-
ture can be preferably used for aircraft bodies.

Claims

1. A skin/bulkhead structure comprising a barrel-
shaped skin (2) and a pressure bulkhead composed
of a stiffening member (4,5) and a bulkhead skin
(3), wherein an end of said stiffening member is me-
chanically connected to an opening of said barrel-
shaped skin through a first connecting member
(7,8) and a marginal portion of said bulkhead skin
is adhesive-connected to said opening through a
second connecting member (6), said barrel-shaped
skin, said stiffening member, said bulkhead skin,
said first connecting member and said second con-
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necting member being each made of a fiber-rein-
forced composite.

2. The skin/bulkhead structure according to claim 1,
wherein said opening of said barrel-shaped skin (2)
has an edge portion expanded over said pressure
bulkhead, and said end of said stiffening member
(4,5) is mechanically connected to said edge por-
tion.

3. The skin/bulkhead structure according to claim 1 or
2, wherein said bulkhead skin (3) is a flat plate in
shape.

4. The skin/bulkhead structure according to any one
of claims 1 to 3, wherein said stiffening member
(4,5) has an I-shaped cross section.

5. The skin/bulkhead structure according to any one
of claims 1 to 4, wherein said second connecting
member (6) is a ring in shape.

6. The skin/bulkhead structure according to any one
of claims 1 to 5, wherein said second connecting
member (6) has an L-shaped cross section.

7. An aircraft having a skin/bulkhead structure as
claimed in any preceding claim.
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